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In this supplemental material we show in detail the derivations that were omitted in the main text.
SM1. POTENTIAL AND CONDUCTANCE CORRECTION FROM A SINGLE DIPOLE IN THE
DIELECTRIC
Let us start from the Hamiltonian
HU (t) =
∫
dxρ(x)U(x)w(t) , (S1)
where now the potential U(x)w(t) results from a single fluctuating dipole. We have then
U(x)w(t) =
e
4piε
pi(t) · (x− ri)
|x− ri|3 . (S2)
Here pi, ri are the dipole moment and position of the ith dipole and ε is the dielectric constant of the dielectric. We
will assume that the dipoles fluctuate independently,
pi(t)pj(t+ t′) = δijpipiw(t)w(t+ t′) . (S3)
This assumption allows us to calculate first the single-dipole contribution and then sum those contributions to get
the edge resistance. With the above form we can use Eq. (9) of the main text generalized to ω & T [see Eq. (S22)
and below],
δG =
G0
v2
|U2kF |2n2⊥D−2
∫
dω
2pi
ω2
(ω/2T )2
sinh2(ω/2T )
S(ω) , (S4)
where
∫
dxU(x)e−i2kF x = U2kF and
S(ω) =
∫ ∞
−∞
dt′eiωt
′
w(t)w(t′ + t) (S5)
is the classical noise spectrum.
Let us calculate |U2kF |2. We have
U2kF =
e
4piε
∫
dx
pi · (x− ri)
|x− ri|3 e
−i2kF x . (S6)
Let’s shift x → x + ri,x. Denoting ρ2i = r2i,z + r2i,y and ρ = (ri,y, ri,z), we find the x-integral in terms of Bessel
functions,
U2kF =
e
4piε
ei2kF ri,x
∫
dxe−i2kF x
(pi,xx− pi · ρ)√
x2 + ρ2i
3 (S7)
= 4kF
e
4piε
ei2kF ri,x
(
pi,xiK0 (2kF |ρi|)− pi · ρi|ρi| K1 (2kF |ρi|)
)
. (S8)
The phase ei2kF ri,x cancels out when we take absolute value squared,
|U2kF |2 = 16k2F
( e
4piε
)2(
p2i,xK0 (2kF |ρi|)2 +
(
pi · ρi
|ρi|
)2
K1 (2kF |ρi|)2
)
. (S9)
2SM2. RESISTANCE FROM A COLLECTION OF DIPOLES
In the presence of many dipoles, we obtain a resistance as a sum over dipoles,
R =
∑
i
δGi
G20
. (S10)
Introducing dipole density n(r) =
∑
i δ(ri − r), we find
R =
1
G0
1
D2v2
16k2F
( e
4piε
)2 1
3
Lnp2
∫
d2ρ
(
K0 (2kF |ρ|)2 + 2K1 (2kF |ρ|)2
)
n2⊥
∫
dω
2pi
ω2
(ω/2T )2
sinh2(ω/2T )
S(ω) , (S11)
where we assumed a uniform density n(r) = n in a volume r ∈ (0, L) × (d, d + H) × (0,W ). We assume that the
dielectric is of length L, width W , thickness H, and separated by a distance d from the helical edge. We assumed
equal strengths p and random directions for the dipole moments, papb → δab 13p2.
Assuming H, W  k−1F , we can set
∫
d2ρ = pi2
∫∞
d
dρρ. Then the integral over ρ can be done in the limit of large
kF d, ∫
d2ρ
(
K0 (2kF |ρ|)2 + 2K1 (2kF |ρ|)2
)
≈ 1
4k2F
pi2
8
e−4kF d . (S12)
The resistance becomes
R =
1
G0
1
D2v2
4
( e
4piε
)2 1
3
Ln
pi2
8
e−4dkF p2n2⊥
∫
dω
2pi
ω2
(ω/2T )2
sinh2(ω/2T )
S(ω) . (S13)
From Ref. [S1], we find
p2S(ω) = V 2
1
2
1
|ω|S0, S0 =
4εT
V
tan δ , (S14)
where tan δ is the dielectric loss tangent and V = WHL the volume.
Integration over ω yields (denoting N = nV the total number of contributing dipoles)
R =
ζ(3)
2
1
G0
L
v/T
e2
4piεv
Ne−4dkF n2⊥
T 2
D2
tan δ . (S15)
where ζ is the Riemann zeta function, ζ(3) ≈ 1.2. This equation is used in the discussion section of the main text.
SM3. GENERALIZATION OF EQ. (9) TO FREQUENCIES ω & T
Eq. (7) of the main text,
〈δI(t)〉 = e
∫
dk
2pi
dk′
2pi
|[B†k′Bk]10|2|Uk−k′ |2(fkL − f−kR)2Re
∫ 0
−∞
dt′ei(vk+vk
′−i0)t′w(t)w(t′ + t) . (S16)
derived from
HU (t) =
∫
dxρ(x)U(x)w(t) , (S17)
can be generalized to the case where wˆ is an operator. Assuming wˆ(t) and the Hamiltonian governing its dynamics
does not couple to edge electrons, we find
〈δI(t)〉 = e
∫
dk
2pi
dk′
2pi
|[B†k′Bk]10|2|Uk−k′ |2
∑
α
αf−k′α[1− f−kα]SQ(αv(k + k′)) , (S18)
where
SQ(ω) = 2Re
∫ 0
−∞
dt′ 〈wˆ(t′ + t)wˆ(t)〉 ei(ω−i0)t′ . (S19)
3This spectral function has the property (β = 1/T )
SQ(ω) = e
βωSQ(−ω) . (S20)
By using this property and the assumptions made when deriving Eq. (9) of the main text, we can derive for backscat-
tering current,
〈δI〉 = e
2pi
(
eβeV − 1) v−2n2⊥D−2|U2kF |2 ∫ dω2pi ω2 e−β(ω+eV )(ω + eV )e−β(ω+eV ) − 1 SQ(ω) , (S21)
which in the linear response limit becomes
〈δI〉 = G0V v−2n2⊥D−2|U2kF |2
∫
dω
2pi
ω2
e−βωβω
e−βω − 1SQ(ω) . (S22)
For a quantum two-level system, we have [S2]
SQ(ω) =
−βω
e−βω − 1S(ω) , (S23)
where S(ω) = p0(1 − p0) 2τ1+ω2τ2 is the TLS noise spectrum. In the classical limit βω → 0, we have SQ(ω) = S(ω).
Finally, using the identity
βω
e−βω − 1
e−βωβω
e−βω − 1 =
(ω/2T )2
sinh2(ω/2T )
, (S24)
we obtain the replacement given in the main text.
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